Cardiac failure attributable to malignant disease is generally accepted as being caused either by lymphangitis carcinomatosa or by impaction of tumour emboli in the pulmonary vascular bed. Standard textbooks (Wood, 1956; Anderson, 1961) make no mention of other cardiac lesions which may occur in malignancy and which may be responsible for the development of heart failure. There are some less well-known causes of cardiac failure in malignant disease, and here I report five such cases and refer briefly to some problems of pathogenesis and management.
CASE 1
A 68-year-old woman, who had had acute rheumatism as a child but no subsequent disability, had an anterior resection of a well-differentiated adenocarcinoma from the pelvic colon. Five years later she began to develop cough, sputum, and progressive dyspnoea. Ten years after the operation she was admitted to this hospital with fever, foetid sputum, and congestive heart failure. A (Fig. 2) .
Temporary improvement for a week followed standard treatment for heart failure and chest infection, but then steady deterioration led to death three weeks after admission. A 77-year-old woman was admitted in congestive heart failure and with right-sided pleurisy five weeks after a simple mastectomy which had been performed elsewhere. There was no previous history of lung disease nor clinical evidence of leg vein involvement. A chest film showed similar appearances to that of case 1 with the presence of four large shadows but no fluid levels. In addition to treatment for heart failure and lung infection, steroids and stilboestrol were used, but she collapsed and died the following day.
At necropsy a large coiled pulmonary embolus obstructed the main branches of the pulmonary artery. Its source was not evident and it did not contain tumour tissue. In addition to the general congestion there were four large pulmonary metastases with necrotic centres, though no local involvement of the chest wall or pleura was found. A 70-year-old woman presented with a nine years' history of shortness of breath and six years' ankle swelling. Angina pectoris had been present for four years but was rather variably related to effort. Three years previously she had had a carcinoma of the cervix removed and since then her chief symptoms had been breathlessness and chest pain on effort. During the two months before admission she had had two fainting attacks, both of which had occurred without warning, and the chest pain had occasionally come on whilst she was at rest. She was an obese normotensive woman in gross congestive cardiac failure, whose chest film showed an ill-defined mass at the left hilum. Sudden death occurred three days after admission.
Necropsy revealed no recurrence of the cervical cancer. In the apex of the left lower lobe was a soft white mass of grapefruit size, which showed no evidence of central necrosis and which was clearly metastatic in origin. General visceral congestion was present elsewhere. The heart was enlarged and flabby, the coronary arteries being normal in appearance and distribution. No evidence of infarction was detected, and there were no valvular or septal defects. The left atrial cavity was occupied by a mass of grey neoplastic tissue which was attached to the posterior wall by a short pedicle some 2 mm. in diameter. At the base of the pedicle invasion of the atrial wall extended for only a few millimetres in any direction: the mass showed no sign of necrosis and there was no antemortem thrombus attached to it. The functional vascular pathway must necessarily have been severely limited. Both tumour masses consisted of undifferentiated carcinoma.
CASE 4
A 46-year-old woman had previously been treated surgically at this hospital for carcinoma of the breast. After radiotherapy she remained well for three years until the development of a pathological fracture in the femur. In hospital she developed atrial flutter: when cardiac failure developed diuretics and quinidine were added to the digitalis but she died suddenly with unrelieved flutter.
At necropsy there was a well healed mastectomy scar with radiation telangiectases but no sign of local recurrence. Numerous soft deposits of growth were present throughout both lungs and in the ribs and vertebrae. The right heart was dilated, and in the atrial wall just above the tricuspid valve near the entrance of the coronary sinus was a pea-sized white nodule, with a recent area of haemorrhage within it. .rIl-PI '.i ,:
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Necropsy revealed a large ulcerating bronchogenic carcinoma, arising from the left main bronchus, which had invaded the mediastinum and infiltrated the pericardium. This was 0.5 to 1.5 cm. in thickness, rock hard, and closely applied to the heart, which in places showed malignant invasion of the myocardium. Evidence of long-standing bronchiectasis was also present.
DISCUSSION
Pulmonary metastatic malignant disease is common and mostly arises as a result of lymphatic or bloodstream spread. Diffuse lymphatic carcinomatous infiltration which produces secondary vascular thrombosis (Brill and Robertson, 1937) was reviewed by Harold (1952) , but only one of this author's personal series of 24 cases showed terminal cardiac failure, and such a termination is rarely recorded (Greenspan, 1934; Krygier and Brill, 1942) . Whilst lymphatic permeation has been noted frequently at necropsy since the time of Troisier (1873) , it is only recently that the resulting disturbed physiology has become recognized as a cause of the clinical syndrome of alveolar-capillary block (Arnott, 1955) . Many patients do not survive to reach this stage but post-mortem search often reveals widespread microscopic involvement (Harold, 1952; Willis, 1960) . Repeated vascular emboli of clumps of malignant cells either by immediate blockage or the initiation of local thrombosis lead to obstructive pulmonary hypertension which can be diagnosed clinically (Mason, 1940) .
The microscopic demonstration of fibrous tissue around the malignant emboli suggests a defensive (or offensive) reaction by the patient. This fibrous tissue may be responsible for the obliteration of the pulmonary vascular bed and also for the extensive interstitial pulmonary fibrosis sometimes seen in metastatic disease of the lungs. The role of the stromal reaction in neoplasia may thus be more important than the actual presence of tumour itself, for patients with extensive lung metastases are seen (e.g., case 4) in whom there is no evident fibrotic reaction and no clinical sign of cardiac failure. The presence of secondary deposits in the lung fields is generally taken to indicate a poor prognosis, but individual variation is very great.
Prolonged survival in malignant disease is well recognized (Cameron, 1909; Sutton, 1961) , and a state of partial immunity has been suggested to exist in such patients (Boyd, 1921) : the fibrous reaction may be tangible evidence of this.
Cardiac metastasis was first recorded almost a century ago (Bodenheimer, 1865) , and tumour emboli recognizable in the cardiac capillaries have been reported (Foot, Carter, and Flipse, 1924) . Raven (1948) states that secondary cardiac deposits arise from coronary artery distribution by retrograde lymphatic spread from the tracheobronchial nodes, by lymphatic spread (thoracic duct to right heart) or by direct invasion (as in case 5). Left-sided endocardial implantation is very rare (Hunter, 1922) and although it seems reasonable to assume that the deposit in case 4 was the result of coronary artery embolism, it seems most likely that the peculiar deposit in case 3 was seeded on to the left atrial wall from the deposit in the apex of the left lower lobe. Secondary embolism from intracardiac metastasis has been reported from time to time (e.g., Thompson and Evans, 1930) . Invasion of the myocardium, as in case 5, is not uncommon (Willis, 1960) , and three similar cases have been encountered since. There is usually massive involvement of the mediastinum, and in addition to the limitation of expansion there may be an element of compression present. Sudden deterioration in these patients is due to pulmonary infection, cardiac failure or pulmonary artery thrombosis.
When the primary growth can be influenced by hormone therapy there is some hope that cardiac failure due to cancer may be alleviated even if the metastases are less responsive than the primary lesion. When much fibrosis is responsible little improvement can be expected of either hormone or steroid therapy. Infection should be treated energetically and accepted measures applied for the relief of heart failure. In selected cases slow transfusion of packed red cells may be considered justifiable, and if the anaemia, which may be leuko-erythroblastic (Jarcho, 1936) , can be thus controlled, cytotoxic therapy may be attempted. The special danger of this is severe pulmonary haemorrhage.
SUMMARY
Five cases of cardiac failure due to malignant disease are reported. The pathogenesis and management are briefly discussed.
